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WATER QUALITY MONITORING OF MCCONNELL SPRINGS’ 
SURFACE WATERS, 2011 THROUGH 2014 
 
David J. Price, Ph.D. 
Lexington-Fayette County Government, Division of Water Quality 
301 Lisle Industrial Avenue, Lexington, KY 40511 
(859) 425-2415    
dprice@lexingtonky.gov 
 
Since the com pletion in 2009 of the Mc Connell Springs Storm water Quality 
Wetland Pond by the Lexington-F ayette Urban County Governm ent (LFUCG), the 
system has been m onitored by the LFUCG Di vision of Water Quality to determ ine the 
effectiveness of pollutant reduction. While on site, additional surface water quality 
monitoring was performed on McConnell Springs itself. McConnell Springs is located in 
northwest Lexington, K Y. The spring system  consists of the Blue Hole, where water 
emerges from an underground channel and flow s for approximately 38 m (125 ft.) then 
disappears underground; the Boils, where water emerges again as an artesian spring and 
flows for approxim ately 152 m  (500 ft.); an d the Final Sink, the point where water 
disappears underground again. The water reappears at Preston's Cave and flows into Wolf 
Run Creek, which empties into the Town Branch of Elkhorn Creek. W ater quality 
monitoring included the Blue Hole, water at a sm all cave opening, the Boils, and the 
Final Sink. A total of 20 sam pling events were conducted by the LFUCG Division of 
Water Quality at McC onnell Springs in 2011-2014. On-site m easurements included: 
temperature, pH, ORP, disso lved oxygen (DO), conductivity, and total dissolved solids 
(TDS). Additional analysis included: alkalinity, hardness, carbonaceous biological 
oxygen demand (CBOD5), total suspended solids (TSS), total ammonia, nitrate, nitrite, 
total phosphorus, orthop hosphates, and bact erial enumeration (fecal colifor ms, E. coli, 
and total coliforms). Metals in water samples from McConnell Springs were analyzed in 
2013 and 2014. Metal analyses included: Ag, Al , As, Cd, Cr, Cu, Fe, Pb, Mg, Mn, Ni, P, 
K, S, and Zn. LFUCG Division of Water Quality’s results are being compared to results 
from the Division of Water’s (DOW) groundwater network program obtained from DOW 
and from the Kentucky Geological Surv ey (KGS), Ke ntucky Groundwater Data 
Repository. 
 
Overall, pH values at McConnell Springs remained consistent from 2011 to 2014. 
DO concentrations remained low, with the Blue Hole having the lowest DO and the Final 
Sink with the highest DO. Average DO c oncentrations were 4.49, 4.62, 3.90, and 4.81 
mg/L for 2011-2014, respectively. Conductivity was fairly constant, although an increase 
was observed in 2013. TDS, total alkalinity, and total hardness remained constant during 
the monitoring period. TSS levels were fairly low throughout McConnell Springs, and the 
concentrations were sim ilar in 2013-2014. However, higher  TSS concentrations were 
observed in October 2012. Overall ammonia levels were low in 2011-2013, but increases 
were observed during the February and June 2014 collections. Average nitrate 
concentrations were highest in 2011 (6.45 mg/L), but decreased in 2012-2014 (2.63, 2.51, 
2.58 mg/L). Average nitrite c oncentrations ranged from  0.019 mg/L (2013) to 0.031 
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mg/L (2011). Both total phosphorous and orthophosphate concentrations slightly 
decreased over time. Of the 15 metals tested in 2013 and 2014, Ag, Cd, Pb, and Zn were 
not detected at any of the sites on McConnell Springs. In 2014, low levels of As and Cu 
were detected at all sam pling sites. Nickel was detected at a ll sites, with concentrations  
ranging from 2.0-3.0 µg/L. Additional metal testing will be continued in 2015. 
 
Fecal coliforms and E. coli were detected in McC onnell Springs during the 
monitoring period. In 2011, Dr. Ga il Brion (UK-ERTL) reported contamination by fecal 
material in McConnell Springs. Dr. Brion pr oposed that the cold  underground flow may 
retard fecal aging and the cold, dark condi tions repressed indige nous bacterial growth 
while enhancing introduced coliforms, thus indicating that the source is not local and may 
be some distance from the collection site . Fecal coliform geometric means for 2011 to 
2014 were 492, 406, 1035, and 277 MPN/100 m L, respectively. W hereas, geometric 
means for E. coli were 317, 375, 756, and 761 MPN/100 m L. Bacterial enum erations 
tended to be elev ated in June and October. Similar trends were observed in Dr. Brion’s 
2010 data.  
 
Most of the water quality results observed  were consistent w ith levels found in 
artesian springs. Fecal contamination has been a historic problem at McConnell Springs. 
Of interest was the incr ease in E. coli counts in 2014 and this will be followed closely.  
Additional source tracking is required to reduce bacterial counts and pinpoint the cause of 
the seasonal fluctuations. LFUCG will con tinue to m onitor water qu ality regularly. In 
particular, close monitoring of ammonia, ni trates, total phosphorous and bacterial counts 
which can have detrim ental impacts to McConnell Springs and the receiving waters of 
Wolf Run Creek and Elkhorn Creek will be continued. 
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INITIAL FINDINGS FROM THE KARST WATER INSTRUMENTATION SYSTEM 
STATION, ROYAL SPRING GROUNDWATER BASIN, KENTUCKY HORSE PARK 
2010-2014 
 
James C. Currensa, Charles J. Taylora, Stephen Webba, and Junfeng Zhua, 
Stephen Workmanb, Carmen Agrourdisb, Jimmy Foxc, Admin Husicc 
aKentucky Geological Survey, University of Kentucky, currens@uky.edu 
bDept. of Biosystems and Agricultural Engineering, University of Kentucky 
cDepartment of Civil Engineering, University of Kentucky 
 
 
Royal Spring in Georgetown has the largest base flow discharge of any spring in the 
Inner Bluegrass (0.25 m3/sec). The 15,000 acre (6,070 ha) Royal Spring karst 
groundwater basin (springshed) underlies much of the Cane Run surface watershed in 
Scott and Fayette counties. Karst conduits have pirated most of the surface runoff 
originating in the upper two thirds of the Cane Run watershed. Discharge from the 
watershed is diverted underground to the conduit for Royal Spring under all but high flow 
conditions. Because of the inaccessibility of the water-filled conduit, accurate 
measurements of subsurface groundwater discharge—needed for contaminant flux 
calculations—have been previously impossible to obtain. 
 
To address this problem, the Kentucky Geological Survey, working with 
collaborators from the UK Colleges of Agriculture and Engineering, established the Karst 
Water Instrumentation System (KWIS) Station. Twenty-five monitoring wells were 
drilled at selected locations, four of which intersect, or are in hydraulic communication 
with, the Royal Spring conduit. Down-hole video, quantitative dye-tracer tests, and 
Doppler sonar and direct point-velocity measurements have been applied to attempt to 
quantify conduit dimensions and calculate an estimate of discharge. Each method of 
measurement is subject to certain experimental and technical limitations or biases. 
Doppler sonar data, interpreted with the help of David Mueller, U.S. Geological Survey, 
indicate that the conduit cross-sectional area is somewhat smaller (2.7 m2) than previously 
estimated using quantitative tracing (3.45 m2) and two other methods. The average cross-
sectional area using measurements from all four methods is 3.97 m2. At present, discharge 
in the conduit is being estimated using a stage-rating curve developed from water-level 
measurements and quantitative tracer tests results.  
      
Groundwater quality data being collected as part of the KWIS station monitoring 
include in-situ parameters such as specific conductivity, temperature, pH, and turbidity. 
Periodic water samples are collected with a submersible pump or by bailer for analysis of 
total dissolved and suspended solids, nitrate, and recoverable phosphate. Chemographs of 
water-quality parameters are being used to characterize seasonal and event-related 
hydrochemical fluctuations and aid in interpretation the discharge hydrographs. Using 
groundwater-quality sampling data and discharge calculations from the stage-discharge 
relation, estimates of the annual mass flux of nutrients and suspended and dissolved 
solids passing the KWIS station have been made for the 2011- 2012, 2012-13 and 2013-
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14 water years (Table 1). A second set of samples were collected from the surface water 
monitoring station on Cane Run Creek near the KWIS station site but the analysis of 
these data has not been finalized. The concentrations of three of the four quality 
constituents in synchronous samples are weakly correlated, except for nitrate which is 
slightly correlated (R2 = 0.45).  The mean fecal coliform bacteria count was 2,747 
col/100mL at the KWIS site and 4,524 col/100mL at the Cane Run gaging station, over 
the period from 2011 to 2014. These data suggest that there is a partitioning of the 
contaminants being transported on the surface and underground.  
 
 
 
 
 
 
 
 
 
 
 
Table 1. Total annual mass loads of groundwater-quality constituents sampled at the KYHP site during 
2011-2014, reported in metric tons.  
Water Year Number of Samples 
Nitrate 
as NO3 
Nitrate 
as N 
Total 
Dissolved 
Solids 
Total  
Recoverable  
PO4 
Total Suspended 
Solids 
   2011-12 80 179 40 4,083 3.9 156.2 
   2012-13 134 289 66 5,225 7.3 415.8 
   2013-14 184 238 45 4,651 5.7 299.2 
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CALIBRATION METHOD TO ESTIMATE SUSPENDED-SEDIMENT 
CONCENTRATION FROM ACOUSTIC BACKSCATTER IN A CROSS SECTION 
 
Justin A. Boldt 
USGS Kentucky Water Science Center 
9818 Bluegrass Parkway 
Louisville, KY 40299 
502-493-1931 
jboldt@usgs.gov 
 
 
Sediment is a major cause of stream impairment, and improved sediment monitoring is a 
crucial need. Point samples of suspended-sediment concentration (SSC) are often not 
enough to provide an understanding to answer critical questions in a changing 
environment. As technology has improved, there now exists the opportunity to obtain 
discrete measurements of SSC and flux while providing a spatial scale unmatched by any 
other device. 
 
Acoustic instruments are ubiquitous in the U.S. Geological Survey (USGS) for making 
streamflow measurements but when calibrated with physical sediment samples, they may 
be used for sediment measurements as well. The acoustic backscatter measured by an 
acoustic Doppler current profiler (ADCP) has long been known to correlate well with 
suspended sediment, but until recently, it has mainly been qualitative in nature. This new 
method using acoustic surrogates has great potential to leverage the routine data 
collection to provide calibrated, quantitative measures of SSC which hold promise to be 
more accurate, complete, and cost efficient than other methods. 
 
This research presents a m ethod for the measurement of high spatial and temporal 
resolution SSC using a down-looking, mobile ADCP from discrete cross-sections. The 
high-resolution scales of sediment data are a primary advantage and a vast improvement 
over other discrete methods for measuring SSC. Although acoustic surrogate technology 
using continuous, fixed-deployment ADCPs (side-looking) is proven, the same methods 
cannot be used with down-looking ADCPs due to the fact that the SSC and particle-size 
distribution variation in the vertical profile violates theory and complicates assumptions. 
 
Preliminary analyses indicate a good calibration between acoustic backscatter and SSC 
that is repeatable at different sites in a range of fluvial environments. This calibration 
method can improve ongoing efforts to monitor and predict resource responses to a 
changing environment. Because ADCPs are used routinely for streamflow measurements, 
using acoustic backscatter from ADCPs as a surrogate for SSC has the potential to 
revolutionize sediment measurements by providing rapid measurements of sediment flux 
and distribution at spatial and temporal scales that are far beyond the capabilities of 
traditional physical samplers. 
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VAPOR FLUX SAMPLING TECHNIQUES  
FOR CHARACTERIZING VAPOR INTRUSION 
 
Evan Willett, Mohammadyousef Roghani, Elham Shirazi, and Kelly G. Pennell 
University of Kentucky, Department of Civil Engineering 
kellypennell@uky.edu 
 
 
Due to concerns about adverse human health effects, the transport of volatile organic 
chemical (VOC) vapors from hazardous waste sites into indoor air spaces (i.e. vapor 
intrusion) has gained regulatory attention. VOC vapor transport through soil is 
complicated by various factors such as soil porosity and permeability, wind, and rainfall; 
therefore, characterizing vapor intrusion at a p articular building can be challenging. 
Laboratory analytical methods capable of measuring VOCs in indoor air and soil vapor 
have been developed; however, field study results do not  support the current vapor 
intrusion conceptual understanding.  
 
Sorbent-based mass flux measurement devices have been used to evaluate hazardous 
waste contamination in groundwater and soil vapor with some success. For groundwater 
contamination, flux measurement devices are considered a superior technique (as 
compared to chemical concentrations) for assessing risks associated with groundwater 
contamination. However regulatory reliance on concentration-based clean-up standards 
limits the wide-spread use of flux meters for groundwater. The emergence of the more 
recent concern, vapor intrusion, provides a new opportunity to consider the advantages of 
flux measurements. As part of this research, we evaluated vapor flux measurement 
techniques. We incorporated direct vapor measurement techniques, as well as passive 
sampling techniques that incorporate permeable sorbent media onto which vapor-phase 
VOC contaminant mass is passively sorbed.  
The research presented will address questions about the current vapor intrusion 
conceptual model and the shortage of pertinent laboratory data. Laboratory soil column 
experiments were performed and the results have been compared to a computational 
model that uses a commercially available software package, COMSOL Multiphysics. We 
consider the laboratory data and the model results in tandem to examine fundamental fate 
and transport processes governing vapor intrusion (diffusion coefficients, permeability, 
etc.). The findings of this research provide insight about new methods for characterizing 
vapor intrusion, and also provide a better conceptual understanding of the vapor intrusion 
process so that remediation efforts can be better coordinated. 
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